Hypothalamic obesity is often complicated in patients with craniopharyngioma due to hypothalamic damage by the tumor itself, treatment modalities, and associated multiple pituitary hormone deficiency. Hypothalamic obesity causes secondary diseases such as nonalcoholic fatty liver disease (NAFLD) and diabetes mellitus (DM). We report a 19-year-old female who was diagnosed with craniopharyngioma, developed hypothalamic obesity after tumor resection, and progressed to hepatopulmonary syndrome. She manifested NAFLD 1 year after tumor resection. Two years later, the craniopharyngioma recurred, and she underwent a second resection. Three years after her second operation, she was diagnosed with type 2 DM, after which she did not visit the outpatient clinic for 2 years and then suddenly reappeared with a weight loss of 25.8 kg that had occurred over 21 months. One month later, she presented to the Emergency Department with dyspnea. Laboratory findings revealed liver dysfunction and hypoxia with increased alveolar artery oxygen gradient. Liver biopsy showed portal hypertension and micronodular cirrhosis. Echocardiography and a lung perfusion scan demonstrated a right to left shunt. She was finally diagnosed with hepatopulmonary syndrome and is currently awaiting a donor for liver transplantation. Patients surviving craniopharyngioma need to be followed up carefully to detect signs of hypothalamic obesity and monitored for the development of other comorbidities such as DM, NAFLD, and hepatopulmonary syndrome.
Introduction
Craniopharyngioma, originating from Rathke's pouch, is one of the most common suprasellar tumors detected in children.
1) The hypothalamus can be damaged by the craniopharyngioma itself as well as by treatment modalities including surgery or radiotherapy.
2) As the hypothalamus plays a crucial role in the homeostasis of the synthesis of anterior pituitary hormones, 3) damage to the hypothalamus results in dysregulation of multiple pituitary hormones and subsequent complications such as hypothalamic obesity, nonalcoholic fatty liver disease (NAFLD), and diabetes mellitus (DM). Up to 52% of pediatric craniopharyngioma patients develop hypothalamic obesity after tumor resection and most patients manifest obesity-related morbidities and low quality of life. Treatment by lifestyle modification, pharmacotherapy, and bariatric surgery has been attempted, 2) however, no definitive solutions are available. www.e-apem.org NAFLD is now a well-known sequelae of hypothalamic obesity. [4] [5] [6] [7] A recent study of craniopharyngioma patients with hypothalamic involvement showed a 50% incidence of NAFLD, 5) raising the need for liver function monitoring in patients with hypothalamic injuries. The frequencies of NAFLD and nonalcoholic steatohepatitis (NASH) are increasing in children, and a few studies have reported patients who developed hepatopulmonary syndrome after resection of pituitary tumors. 6, 8) In a previous case report, a patient underwent a pituitary tumor resection and was diagnosed with NASH and hepatopulmonary syndrome with dyspnea and hypoxemia 4 years later and required liver transplanatation. 8) However, cases of hepatopulmonary syndrome are rare, and the prognosis and long-term survival remain uncertain.
We describe a case of hepatopulmonary syndrome complicated with hypothalamic obesity, NAFLD, and type 2 DM after craniopharyngioma resection.
Case report
A 11-year and 2-month-old girl came to the hospital because of bifrontal headache, nausea, and vomiting. She was suspected to have craniopharyngioma on brain magnetic resonance imaging (MRI) and underwent surgical resection with a ventriculoperitoneal shunt. At the age of 11 years and 2 months, she weighed 60 kg (2.15 standard deviation score [SDS]) and was 152 cm (1.03 SDS) tall with a body mass index (BMI) of 26 kg/m2 (>97th percentile) and Tanner stage I. After resection, she was treated using a cyber gamma-knife (3 cycle) due to the presence of residual tumor. She developed multiple pituitary hormone deficiencies, which were treated with hormone replacement therapy including levothyroxine 100 μg daily, hydrocortisone 6 mg/m 2 /day, oral desmopressin 0.1 mg 3 times per day, and conjugated estrogen 0.625 mg daily. During her regular hospital follow-up, laboratory findings demonstrated an elevated aspartate aminotransferase (AST) level of 144 IU/ L, an alanine aminotransferase (ALT) level of 65 IU/L, a total cholesterol level of 281 mg/dL, and a triglyceride level of 425 mg/dL, with increased echogenicity on her liver ultrasound, indicating NAFLD.
After 2 years of tumor resection, increased size of residual tumor was found, suggesting recurred craniopharyngioma.
She was referred to our hospital. At the age of 13 years and 3 months, her height, weight, and BMI were 155.5 cm (-0.08 SDS), 65.7 kg (1.81 SDS), and 27 kg/m 2 (97th percentile), respectively. Her sexual maturity rating was Tanner stage I. Laboratory findings showed an AST of 103 IU/L, an ALT of 104 IU/L, a total cholesterol of 230 mg/dL, a triglyceride level of 359 mg/ dL, total protein of 7.0 g/dL, serum albumin level of 4.3 g/dL, sodium 140 mmol/L, potassium 3.7 mmol/L, and chloride of 106 mmol/L. Serum insulin-like growth factor-1 (IGF-1) and IGF-1 binding protein were 67.2 ng/mL and 3,596 ng/mL, respectively. She underwent a second tumor resection at our Fig. 1 . The patient's growth curve during the follow-up period. The patient was diagnosed with craniopharyngioma and underwent tumor resection at the age of 11.2 years (plain arrow). However, the craniopharyngioma recurred and a second resection was performed at the age of 13.3 years (thick arrow). Hepatopulmonary syndrome occurred at the age of 18.9 years (dashed arrow). (Fig. 1) . One month later, she presented to the Emergency Department with dyspnea, orthopnea, anorexia, and general weakness. She had been not taking any medications for about 2 weeks. Her lips were cyanotic, her fingers clubbed, and her oxygen saturation was 88%. Laboratory findings revealed thrombocytopenia (a platelet count of 59,000/mm 3 ) and a prolonged prothrombin time (17 seconds; reference range, 10-13 seconds), indicating liver dysfunction. She was severely dehydrated with hypernatremia (164 mmol/L) and increased serum and urine osmolarity (346 mosm/kg and 160 mosm/kg, respectively). She was treated with intravenous fluids, oral desmopressin, and a stress dose of intravenous hydrocortisone. Mesenteric hepatic Doppler ultrasonography and dynamic computed tomography of the liver demonstrated a reduced liver volume with an engorged portal vein and splenomegaly. Her hepatic vein wedge pressure was 21 mmHg (normal range, 1-5 mmHg) measured during transjugular liver biopsy, indicating portal hypertension.
The liver biopsy identified micronodular cirrhosis (Fig. 2) . In room air, oxygen saturation was 88% and 94% in sitting and lying positions, respectively. Her alveolar arterial oxygen gradient was 77, which was increased for her age (normal range, 5-10 mmHg). A bubble contrast echocardiography and lung perfusion scan suggested diffusely increased activity in the brain, kidneys, and spleen, which were consistent with a right to left shunt (Fig. 3) . She was finally diagnosed with hepatopulmonary syndrome grade 3 due to liver cirrhosis induced by NAFLD, which was attributed to hypothalamic obesity after craniopharyngioma resection. The patient was subsequently hospitalized three times because of aggravated dyspnea, revealing worsened grade 4 hepatopulmonary syndrome, dizziness with hypotension due to menorrhagia induced by thrombocytopenia, and hematemesis due to duodenal ulcer. She was followed up every 3 months with her prescribed hormone medications, including levothyroxine, prednisolone, desmopressin, recombinant human growth hormone, estrogen, and medroxyprogesterone acetate. At the age of 19 years, her height is 169.8 cm (1.72 SDS) and weight is 60.6 kg (0.86 SDS) with a BMI of 21.0 kg/m 2 (25th-50th percentile) With metformin treatment, her hemoglobin A 1c level has decreased to 5.0%, and her lipid profile has been normalized: total cholesterol 95 mg/dL and triglyceride 84 mg/dL ( Table 2) . Her AST and ALT levels have also been normalized, however, her prothrombin time is continuously prolonged, which is a sign of severe chronic cirrhosis of the liver. She has been registered as a candidate for cadaveric liver transplantation.
The study was waived from approval of the Institutional Review Board of Asan Medical Center has been waived, but informed consent was obtained from the patient.
Discussion
Hypothalamic obesity is a complication seen in patients with brain tumors, especially those that have undergone resection or radiation therapy that may have caused damage to the hypothalamus and pituitary gland. 9) In particular, hypothalamic obesity is found to be associated in 40%-50% of the patients with craniopharyngioma, and those with higher BMI at diagnosis are known to be at greater risk for the development of hypothalamic obesity. 10, 11) Hypothalamic obesity not only decreases quality of life, but is also an important problem as it could be responsible for other comorbidities such as NAFLD and metabolic complications including hyperlipidemia and insulin resistance throughout the lifetime of an individual. 5, 12) Our patient was diagnosed with NAFLD one year after and type 2 DM 5 years after her first tumor resection. Seven years after the development of NAFLD, she was diagnosed with hepatopulmonary syndrome.
Hypothalamic damage causes suppression of the sympathetic nervous system, resulting in compromised resting ability and voluntary energy expenditure.
3) Another pathophysiology of hypothalamic obesity is hyperinsulinemia and decreased insulin sensitivity caused by increased vagal efferent stimulation due to hypothalamic injury. 13) Serum leptin levels increase in hypothalamic obesity, suggesting leptin resistance. 14) Injuries in the ventromedial areas of the hypothalamus are known to be crucial factors in the manifestation of hyperphagia, 15) which has also been observed in animal studies. 16) Patients with craniopharyngioma with hypothalamic involvement have been shown to have a low survival rate and severe weight gain during the follow-up period. The 10-year overall survival rate is 70%-92%, and includes long term complications such as obesity, metabolic syndrome, NAFLD, and DM. In addition, quality of life decreases due to complicated sequelae. 12) These findings indicate that patients with craniopharyngioma should be carefully monitored to detect signs of hypothalamic obesity and other secondary complications.
In a study of 21 patients with metabolic syndrome and obesity after hypothalamic damage, the mean onset of metabolic syndrome was 6.4 years after hypothalamic injury, and it was confirmed through liver biopsy that 10 patients had NAFLD. 6) Two patients underwent liver transplantation, and one expired from recurrent NAFLD and hepatopulmonary syndrome after transplantation. 6) Hepatopulmonary syndrome is a complication in patients with chronic liver disease. The pathogenesis remains to be discovered, but vascular dilatations induced by nitric oxide are suggested as the mechanism of hepatopulmonary syndrome. 17) Vasodilation increases the pulmonary blood flow and cardiac output, subsequently leading to perfusion ventilation mismatch and arteriovenous shunts. In addition, it makes oxygen molecules hard to bind to red blood cell hemoglobins, resulting in hypoxemia. 18) Perfu sion lung scan, contrast echocardiography, and pulmonary arteriography are used for diagnostic imaging modalities. Medical treatment is not very helpful and liver transplantation is considered to be the only available treatment. However, few case reports detail the recurrence of NAFLD despite successful liver transplantation. 19, 20) This leads to a concern for patients who are diagnosed with hypothalamic obesity and secondary NAFLD progressing to cirrhosis of the liver, and liver transplantation should be cautiously considered.
In this study, we report a case of hepatopulmonary syndrome associated with NAFLD, dyslipidemia, and type 2 DM after hypothalamic damage due to craniopharyngioma. NAFLD led to liver cirrhosis and portal hypertension, eventually leading to the development of hepatopulmonary syndrome. Patients with hypothalamic obesity should be carefully monitored for the early detection of rare fatal co-morbidities such as hepatopulmonary syndrome.
